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Abstract: African indigenous vegetables (AIVs) have high nutritional value, form-
ing a potent weapon against the pressing hidden hunger problem in East Africa,
but they are not sufficiently adopted as cash crops by Kenyan small-scale farmers
to meet the rising demand in the urban areas. This study therefore aims (i) to
explore which factors motivate small-scale farmers to specialize in commercial
AIV production and (ii) to assess the impact of AIV production on household
income and food security. This analysis was based on primary data from 706 rural
and peri-urban small-scale vegetable producers in Kenya. Results of a binary
choice model showed that education, participation in producer groups, access to
market information and irrigation water, as well as distance to the next city
influenced the decision to commercialize AIV production. Impact analysis was
conducted with binary and continuous propensity score matching (PSM) and
endogenous switching regression (ESR). The production of AIVs as cash crops
positively influenced the total per capita household income and the food security
status of the households.
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1. Introduction
African Indigenous Vegetables (AIVs) have been widely used for subsistence farming in East
Africa for thousands of years. In the last decade, however, rural-urban migration and a shift in
consumer preferences has led to an increased demand for commercially marketed AIVs. This
trend was spurred by the increasing recognition of the high nutritional value of AIVs
(Cernansky, 2015), which offer a solution to the region’s pressing problem of micronutrient
deficiencies—the so-called hidden hunger problem. Despite great national and international
efforts, hidden hunger remains a chronic issue in East Africa. In Kenya alone, almost one-third
of all children show retarded physical development due to micronutrient deficiencies (WFP,
2018).
63 % of agricultural output in Kenya is still generated by small-scale farmers who are simul-
taneously producers and consumers (Rapsomanikis, 2015). Based on the current literature, we
hypothesized that Kenyan small-scale farmers benefit from growing these traditional crops as
cash crops in two ways. First, they benefit economically from a rising market, and second, they
benefit in terms of food security because they can consume the nutritious vegetables them-
selves. Studies estimating the actual impact of the production of AIVs on income are scarce. The
existing studies (Ewbank, Nyang, Webo, & Roothaert, 2007; Gotor & Irungu, 2010) were con-
ducted during the course of AIV introduction and market development programmes and thus
potentially overstated the positive effect of growing AIVs. Most of the current literature linking
AIVs to food security only investigated the nutrient content of the AIVs to draw conclusions on
their potential to combat food insecurity (Faber, van Jaarsveld, & Laubscher, 2009; Legwaila,
Mojeremane, Madisa, Mmolotsi, & Rampart, 2011; Msuya, Mamiro, & Weinberger, 2009). A high
nutrient content itself, however, does not guarantee the sufficient nutrient intake of the produ-
cing households. This study therefore aimed to fill this gap by analysing the actual impact of the
production of AIVs as cash crops on household income and the impact of their production as
staple crops on food security status.
The study at hand is based on cross-sectional data with 706 observations from four counties
in rural and peri-urban Kenya. Based on a probit regression choice model, we discuss factors
that determine the focus on commercial AIV production. As AIVs, we focus on amaranth
(Amaranthus spp.), cowpea (Vigna unguiculata), African nightshade (Solanum spp.) and spider
plant (Cleome gynandra), which are economically the top four AIVs grown in Kenya (Abukutsa-
Onyango, 2010). Propensity score matching (PSM) and endogenous switching regression (ESR)
were used to reduce self-selection bias and pinpoint the effect of the focus on commercial AIV
production on household income and food security. For the analysis, we used two different
definitions of commercialization. First we investigate the binary case of whether or not house-
holds sell their AIV production; then we look at the effects of different intensities of commer-
cialization depending on how much of the harvest was sold to the market (Omiti, Otieno,
Nyanamba, & McCullough, 2009). We used various food security indicators to give a more
comprehensive picture of the importance of AIVs for food security. These indicators covered
the four different dimensions of food security (FAO, 2008): availability, accessibility, stability
and utilization.
The article is structured as follows: First, we provide an overview of the literature to build the
conceptual framework and argue for the selection of outcome variables and explanatory variables.
A description of the data and methodology used follows. In the results section, we present and
discuss descriptive and econometric results of this choice and impact models. The article con-
cludes with the implications of the results for policy makers and further research.
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2. Literature review
2.1. Potential of AIVs in Kenya
AIVs, most of which are leafy vegetables cooked prior to consumption, have been grown and
consumed in East Africa for thousands of years. Based on their economic and nutritional potential,
amaranth (Amaranthus spp.), cowpea (Vigna unguiculata), African nightshade (Solanum spp.) and
spider plant (Cleome gynandra) are the top four AIVs grown in Kenya, Tanzania and Uganda
(Abukutsa-Onyango, 2010). Those four varieties are the most cultivated AIVs by small-scale
vegetable producers in eastern and central Kenya (Mbugua et al., 2011), but there are many
more varieties consumed and cultivated in areas where research and strategies for commerciali-
zation are still very limited.
While they have long been slighted as “poor people’s food” or “famine food” (Mbhenyane,
Venter, Vorster, & Steyn, 2016; Weinberger & Msuya, 2004), the presence of AIVs in Kenya’s
urban markets has significantly increased since the 2000s. The main reason for this is growing
consumer demand due to the nutritional benefits of these crops (Irungu, Mburu, Maundu, Grum, &
Hoeschle-Zeledon, 2007). AIVs are now even served in some expensive restaurants in Nairobi
(Cernansky, 2015), and end customers show a significant willingness to pay higher prices for
high quality AIVs (Croft, Marshall, & Weller, 2014).
Increasing numbers of producers have responded to this trend in the last decade and engaged
in AIV production and marketing (Gotor & Irungu, 2010). Because AIVs are perishable and cooled
storage is not usually available, AIVs for the urban market are produced in or very close to cities
(Weinberger & Pichop, 2009). The area under cultivation with AIVs in Kenya grew by 25% between
2011 and 2013 (Cernansky, 2015). The production of these crops can be beneficial for small-scale
farmers since they can obtain higher prices compared to those obtained for exotic vegetables
(Ndenga, Achigan-Dako, Mbugua, Maye, & Ojanji, 2013; Weinberger & Pichop, 2009).
2.2. Adoption of commercial AIV production
Constraining factors for the adoption of commercial AIVs are a lack of knowledge about cultiva-
tion, processing and marketing and a lack of market information (Ayodele, Makaleka, Chaminuka,
& Nchabeleng, 2011; Mbugua et al., 2011). Access to information about commercial AIV production
decreases with the increasing distance from Nairobi (Gotor & Irungu, 2010). In rural eastern and
central Kenya, the lack of knowledge of the plants and their preparation by consumers is a major
constraint to the adoption of commercial AIV production. Many AIVs are considered weeds and
inferior to exotic cabbage (Mbugua et al., 2011). In the case of rural South Africa, older people
know more about AIV production and consumption than the younger population, although this
knowledge is for subsistence farming only (Modi, Modi, & Hendriks, 2006).
Access to extension services facilitates commercial AIV adoption in Kiambu because they offer
improved and more profitable varieties of AIVs (Ewbank et al., 2007; Mwaura, Muluvi, & Mathenge,
2013). The more producers there are that already specialize in crop production, the more likely
they are to adopt commercial AIV production (Gotor & Irungu, 2010). Indeed, producer groups can
be very beneficial for the adoption process since farmers can obtain additional information.
Producer groups have also been found to catalyse the adoption of new agricultural technologies
and trends (Asfaw, Mithöfer, & Waibel, 2010; Ngokkuen & Grote, 2012). Furthermore, those who
adopt new technologies are often more socially active than those who do not (Rogers, 2003).
Higher formal education increased commercialization levels among Kenyan small-scale farmers
kale and maize (Omiti et al., 2009). In contrast, AIV producers generally had lower levels of
education that did not reach far above primary education (Weinberger & Pichop, 2009).
For leafy vegetables such as AIVs, it is very beneficial to provide irrigation during the dry season
because a steady water supply can increase the yield, quality and uniformity of the harvest
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(Fereres, Goldhamer, & Parsons, 2003). In this way, irrigation measures have increased the profit-
ability of horticultural crops in semi-arid regions (Kuşçu, Çetin, & Turhan, 2009; Mwangi & Crewett,
2019). The irrigation of AIV cultivations increased the marketing potential of AIV producers in
Kiambu County (Mwangi & Crewett, 2019). However, irrigation technology is often not available for
AIV farmers, mainly because of a lack of capital to invest in those measures (Ewbank et al., 2007).
Although investment capital and liquidity are very important in the seasonal business of agricul-
ture, Kenyan AIV farmers often face problems in obtaining basic financial services (Mwaura et al.,
2013).
Despite the constraints on capital and technology, it is relatively easy for households with poor
physical and natural asset endowments to specialize in commercial AIV production because they
need less input to start with than those wo grow other cash crops (Ayodele et al., 2011; Gockowski,
Mbazo’o, Mbah, & Fouda Moulende, 2003), and the farmers can work on very small plots of land
(Gockowski et al., 2003; Weinberger & Msuya, 2004).
The gender of the head of the household seems to play a role in the adoption of commercial AIV
production. Although most Kenyan AIV producers are female, the share of men in AIV production
is significantly higher in urban areas than that in rural areas. (Weinberger & Pichop, 2009)
explained this to be the result of a more intense production and the shift of AIVs as a subsistence
crop to a cash crop in urban areas. In Kenya, women are traditionally responsible for cultivating
subsistence crops, with men responsible for cultivating for cash crops.
2.3. Effect of growing AIVs on food security and income
Food security is a complex issue that cannot be measured by one indicator alone. In this analysis,
we used the definition of food security from the Food and Agriculture Organization of the United
Nations (FAO), in which food security is divided into four dimensions: physical availability of food,
economic and physical access to food, food utilization and the stability of these three dimensions
over time (FAO, 2008).
Physical availability refers to the supply side of food security in terms of food production, stocks
and imports, which still do not meet the minimum requirements for the Kenyan population (WFP,
2018). Since Kenyan small-scale farmers are both producers and consumers, their agricultural
output enhances the availability of food, especially if markets are not sufficiently developed (FAO,
IFAD, & WFP, 2013).
The access dimension of food security addresses the availability of food on the household level.
It can be enhanced by a higher household income, lower food prices or better functioning markets
(FAO, 2008). In rural areas, AIVs are very nutrient rich and can be bought for relatively low prices.
This is why poorer households in rural areas receive a great share of their nutrients from AIVs
(Gockowski et al., 2003; S. Singh, Singh, Singh, Chand, & Roy, 2013; Weinberger & Msuya, 2004).
Growing and marketing AIVs can increase the net gains per acre and reduce the level of poverty
for households situated in peri-urban Kiambu County (Ewbank et al., 2007; Gotor & Irungu, 2010).
However, those results were generated as part of dissemination programmes and were potentially
overstated. In rural Tharaka County, where the market for AIVs is not as developed as that in peri-
urban areas, the growth of AIVs for commercial purposes actually increased poverty levels (Gotor
& Irungu, 2010). Despite those indistinct results on the effect of AIV growth on income, several
authors stressed the strong potential of AIVs to lift small-scale farmers out of a condition of
malnutrition and poverty (Cernansky, 2015; Ndenga et al., 2013; Weinberger & Pichop, 2009).
The strong potential of AIVs to enhance food utilization is well documented. The utilization
dimension of food security involves micronutrient content, food diversity, the distribution of food
within the household and how the body makes use of nutrients (FAO, 2008). Due to their high
levels of micronutrients, AIVs are a very suitable tool to fight so-called “hidden hunger” (Msuya et
al., 2009). “Hidden hunger” describes a state in which people consume enough calories but do not
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have enough nutrients available, and it is a very common problem in Kenya (Muthayya et al.,
2013). Dark green, leafy vegetables can substantially contribute to the intake of calcium, iron,
vitamin A and riboflavin, especially in young children (Faber et al., 2009). Amaranth in particular
contains very high levels of calcium, magnesium and zinc, and African nightshade has a high
potassium and iron concentration (Kamga, Kouamé, Atangana, Chagomoka, & Ndango, 2013). In
particular, accessibility to iron is enhanced through the proper preparation of AIVs through boiling
and frying (Habwe, Walingo, Abukutsa-Onyango, & Oluoch, 2009). The protein content of AIVs can
reach up to 36% (Legwaila et al., 2011) and is thus substantially higher than that of kale or
spinach, which are currently consumed on a large scale in Kenya.
The stability dimension of food security describes the stability of the other dimensions over
time (FAO, 2008). AIVs perform well in this dimension because they are still available when
food from crop production is scarce (Modi et al., 2006). In the dry regions of Tanzania, AIV
subsistence production is used to compensate for shortages in the dry season (Weinberger &
Msuya, 2004).
3. Data and methodology
3.1. Data
This study is based on data from the HORTINLEA1 household survey (2015). The survey took place
at the end of September until the beginning of December, 2015 and thus fell in the beginning of
the short rainy season.
A total of 706 households were selected with a multi-stage sampling technique. First, four
counties (Kisii, Kakamega, Kiambu and Nakuru) were selected because of the high prevalence
of AIV production in these counties. The study site in Kiambu is close to the city of Nairobi,
while the site in Kakamega is relatively close to Kisumu (Figure A1 in appendix A). With the help
of district agricultural offices, we determined the districts in these four counties in which AIV
production is concentrated. From each of the selected districts, we randomly sampled loca-
tions/wards. Farmers within those locations were randomly selected based on household lists
from agricultural extension officers. The distribution of the samples among counties is shown
in Table 1.
The questionnaire covers all sources of livelihood and farm activities at the households ranging
from sociodemographic characteristics, occupations, agricultural production and marketing to
food and non-food consumption, food security and shocks. The food consumption section consists
of a detailed one-week summary of all types of food eaten, including their quantities and prices.
Furthermore, remittances, all agricultural and household assets, and rented and owned land
holdings are included in the questionnaire.
3.2. Theoretical and conceptual framework
According to the sustainable livelihood framework, households will try to maximize their utilization
given the resources they have available and will engage in a set of activities to form a livelihood
Table 1. Geographic distribution of samples via counties
AIV
commercialization Kisii Kakamega Nakuru Kiambu Total
Household (HH) sells
AIVs
130 157 81 121 489
HH does not sell AIVs 71 45 70 31 217
Total 201 202 151 152 706
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strategy (DFID, 1999; Scoones, 1998). One of these activities can be commercial AIV production
(Figure 1).
For the analysis, we assumed that households will rationally try to maximize their utility from
the consumption of goods produced on the farm (cm), products bought in the market (rm) and
leisure time (li) (Equation 1 based on Asfaw et al., 2010; Singh, Squire, & Strauss, 1986). Exogenous
factors such as shocks and public infrastructure (Tu) can influence the following utility function
(Asfaw, Shiferaw, Simtowe, & Lipper, 2012; DFID, 1999; Scoones, 1998):
U ¼ u cm; rm; li; Tuð Þ (1)
When making a decision on livelihood activities, the household faces a cash income, time and
technology constraint (Asfaw et al., 2012; I. Singh et al., 1986). Since focusing on commercial AIV
production would lead to the specialization of the household and restrain significant resources in
terms of labour and farm input, we assumed that labour and farm input are functions of the
adoption of commercial AIV production. The household will thus pursue commercial AIV production
if the marginal benefits of AIV production outweigh the marginal costs of AIV production, notably in
terms of input and labour household. We refer to (Asfaw et al., 2012) for a detailed discussion on the
framework and underlying assumptions. According to the sustainable livelihood framework, the
household assets that influence the decision to grow AIVs can be grouped into five categories as
follows: human, natural, financial, social and physical capital (DFID, 1999). We based the selection of
variables for our choice model on this framework and prior findings in the literature. Tables A1, A2 in
appendix A provide an overview of the variables used in the choice model.
The activities pursued by a household can influence different livelihood outcomes, such as house-
hold income and food security. As we have shown in Equation 1, the utility of the farming household is
influenced by the consumption of products produced on and off the farm. Since the demand for AIVs,
especially in urban markets, is increasing (Cernansky, 2015), commercial AIV production potentially
generates both products produced on the farm and a cash income to buy products produced off the
farm (Hartje et al., 2018). Figure 1 shows that, while the consumption of part of the harvest directly
enhances the food consumption of the household, the increase in cash income does so only indirectly;
the household still has to make the decision to buy nutritious food, and a variety of nutritious food
needs to be available to buy in the market (Sibhatu, Krishna, & Qaim, 2015). Adequate food consump-
tion can then ensure the adequate food security status of the household (Hartje et al., 2018).
3.3. Description of treatment and outcome variables
The marketing activities of AIV producers are quite diverse, ranging from selling only a small share
of their AIV harvest to selling their full harvest. Thus, we need to evaluate the effect of adopting
commercial AIV production in two ways: the adoption of commercial AIV production as a binary
case and different intensity levels of AIV commercialization.
Household
assets
Shocks
Public 
infrastructure
Other activities
Commercial AIV 
production
Cash income
Food security
Other 
expenditure
Livelihood resources
and context available
Choice of livelihood strategy for
utility maximization Livelihood outcomes
Food 
consumption
Food 
expenditure
Figure 1. Process to adopt
commercial AIV production and
its influence on livelihood
outcomes.
Note: Source: own construction
based on (DFID, 1999; Hartje,
Bühler, & Grote, 2018; Scoones,
1998).
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In a binary case, the treatment variable T is one if the household sells one of the four most
economically important AIVs in Kenya (African nightshade, amaranth, cowpea, and spider plant)
and is zero otherwise.
To evaluate the marketing intensity, we followed earlier approaches in the field of smallholder
commercialization and investigated how much of the harvest of those four AIVs had been sold in
the market (Bernard, Taffesse, & Gabre-Madhin, 2008; Omiti et al., 2009).
To measure food security, we used the total food production in kg as an indicator of the
availability dimension. To measure the access dimension of food security, we used the per capita
income, the food consumption score (FCS) and the coping strategy index (CSI). Household income
was calculated as income from wage-earning employment, household businesses, crop and live-
stock income (sales and subsistence production), collecting and logging, land rent and remit-
tances. The per capita income was calculated as the household income divided by the number
of nuclear household members who lived in the household for more than six months in the last
year.
Calculation of the FCS was based on the consumption of the last week reported by households
during the household survey. We used the food groups and weighting factors of the World Food
Programme (WFP, 2008). The FCS was found to correlate well with caloric intake (Headey & Ecker,
2013; Lovon & Mathiassen, 2014).
The CSI includes the behaviours and measures taken by the household to compensate for
limited access to food in the last week. The frequency of those behaviours and measures are
then weighted by how severe or how unacceptable society considers those measures (Maxwell &
Caldwell, 2008). What behaviours are considered unacceptable or indicate severe food insecurity
differs substantially depending on the surrounding cultures (Maxwell & Caldwell, 2008). In addi-
tion, we used information from focus group discussions in the study areas prior to the main survey
to guide us in the question design to assess behavioural changes due to food insecurity. Questions
and weighting factors used to determine the CSI are available upon request. The CSI assesses food
insecurity via the behaviour shown by a household to procure food (Maxwell & Caldwell, 2008) and
thus adds a behavioural component to the analysis. The smaller the CSI is, the higher the food
security level of the household.
To assess the utilization dimension, we used the household dietary diversity score (HDDS), which
counts the number of different food groups the household consumed to a maximum of 12 food
groups (Swindale & Bilinsky, 2006). It is based on consumption during the last week reported by
the households during the household survey. The HDDS is a good indicator of food access
(Swindale & Bilinsky, 2006) but is correlated with micronutrient deficiency (Hatløy, Hallund,
Diarra, & Oshaug, 2000). However, food utilization is described not only by access to micronutrients
but also by how the body makes use of them (FAO, 2008). This is strongly influenced by the health
status of household members, especially the status of the digestion system. To account for this
aspect, we also included the occurrence of diarrhoea and stomach ache as an outcome variable.
This was measured by the number of days all household members missed work or school in the
last month because of diarrhoea or stomach problems.
The month of adequate household good provisioning (MAHFP) indicator was used to assess the
stability dimension of food security because the MAHFP reflects the stability of a minimum food
supply throughout the year (Bilinsky & Swindale, 2010; Coates, 2013). The MAHFP counts the
number of months in the last year in which the household had enough food available (Bilinsky &
Swindale, 2010). It thus ranges from 0 to 12. This indicator is relatively subjective because it is up
to the respondent to decide how much food he or she considers as enough.
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3.4. Methodology
Based on our theoretical framework, the adoption decision Ti is a function of the explanatory
variables X, as described in Equation 7. Xi is a vector of household characteristics and exogenous
factors, as described above. Ti is the unobserved variable for the adoption of commercial AIV
production and Ti is the observed binary variable. We used probit and logit model to determine the
influence of explanatory variables on Ti . The two types of models are rather similar, but to ensure
robustness of the results towards the link function, we compare the results of both models. In the
course of the last decade, several dissemination projects on AIVs took place in Kenya (Ewbank et
al., 2007; Gotor & Irungu, 2010). Thus, these earlier programmes might have influenced the
adoption of AIVs. To account for those programmes and their spillover effects, we clustered the
standard errors of the choice model according to the counties in which the farmers lived.
Ti ¼ f xð Þ þ u ¼ βiXi þ ui (2)
where Ti ¼ 1 if Ti > 0; otherwise Ti ¼ 0 (3)
Because households actively choose to focus on AIV production, the treatment variable is not
randomly assigned. This is a common problem in observational studies (Jena, Chichaibelu,
Stellmacher, & Grote, 2012). To address this problem, we used propensity score matching (PSM)
and endogenous switching regression (ESR) to evaluate the impact of the sale of AIVs on house-
hold food security and income and further adopted a generalized propensity score matching
(GPSM) approach to show variations in the impact of different levels of AIV commercialization
(Shiferaw, Kassie, Jaleta, & Yirga, 2014b).
The analyses were done in Stata 14. The dataset, do-files and logs of the analyses can be found
in the supplementary materials of this article, in order to enable replication of the results by other
researchers.
3.4.1. Propensity score matching
In the PSM approach, we focused on the average treatment effect on the treated (ATT) to calculate
the effect of selling AIVs on sellers of AIVs as follows:
ATT ¼ Ep Xð ÞjT¼1 ImpjT ¼ 1ð Þ ¼ E Y 1ð ÞjT ¼ 1; p Xð Þ½   E1½Y 0ð ÞjT ¼ 1;p Xð Þ (4)
where Imp is the expected impact of selling AIVs (Caliendo & Kopeinig, 2008). It is calculated as
the expected outcome if the household sold AIVs subtracted by the expected outcome for the
same group of households if they did not sell AIVs, weighted by the probability p Xð Þ of selling AIVs.
For the binary PSM case, we used nearest neighbour (NN) matching with replacement, radius
matching and kernel matching to ensure the robustness of the results against different matching
algorithms. A detailed discussion on optimal bias reduction, variance overestimation, imposition of
common support, and robustness checks on the results can be found in Appendix B of this paper.
The GPSM approach follows the same assumptions as the binary PSM approach and can be used
to show the effect of different treatment levels of a continuous treatment variable (Hirano &
Imbens, 2005). We used linear regression as a link function as suggested for continuous outcomes
(Kassie, Jaleta, & Mattei, 2014) and showed that the matching was successful given the explana-
tory variable X (Table B4 in appendix B). (Hirano & Imbens, 2005) discussed this approach in detail.
3.4.2. Endogenous switching regression
An important assumption in impact analysis with PSM is the unconfoundedness assumption, which
states that differences in the outcome are an effect of the treatment if individuals of the treated
and the control group have the same explanatory variables (Rosenbaum & Rubin, 1983b). This is
only valid if the explanatory variables X influence the treatment and/or the outcome but are not
influenced by the treatment and there is no selection on unobservables. The last assumption is
likely to be violated in an observational study such as this one, as we cannot fully exclude the
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influence of unobserved factors with the explanatory variables we included in the choice model
(Oster, 2017). Thus, we adopted ESR to validate the results of the PSM. ESR also accounts for
unobserved heterogeneity and can thus function as a suitable robustness check. For this case, we
wrote the outcome equation in two regimes determined by the status of adoption (Shiferaw et al.,
2014b) as follows:
Regime 1 : y1i ¼ β1x1i þ ε1i if T ¼ 1 (5)
Regime 2 : y2i ¼ β2x2i þ ε2i if T ¼ 1 (6)
where y1i and y2i are the various food security indicators and per capita household income,
respectively; x1i and x2i are explanatory variables potentially influencing these outcome variables;
and ε1i and ε2i are the error terms in the two different regimes. Based on this, we estimated the
expected values Ey1i and Ey2i for those who did or did not, respectively, adopt the production of
AIVs. The ATT and the average treatment effect on the untreated (ATU) are thus calculated by the
following equations (Di Falco, Veronesi, & Yesuf, 2011b; Shiferaw et al., 2014b):
ATT ¼ Ey1ijT ¼ 1; xð Þ  Ey2ijT ¼ 1; xð Þ (7)
ATU ¼ Ey1ijT ¼ 0; xð Þ  Ey2ijT ¼ 0; xð Þ (8)
where ATT is the difference between the expected values for households selling AIVs if they
actually sold AIVs and those for households selling AIVs if they did not sell AIVs. The ATU is the
difference between the expected values for households not selling AIVs if they actually sold AIVs
and that for households not selling AIVs if they did not sell them. In the result section, we will
discuss the estimations of ATT and ATU, further model results can be found in appendix C for each
investigated indicator (Table C2, Table C3, Table C4). A detailed discussion of the ESR approach, the
underlying assumptions and its application can be found in (Di Falco et al., 2011b; Shiferaw et al.,
2014b).
To account for self-selection bias in the outcome equation, we included a selection instrument and
the inverse Mills ratio of the selection equation (Shiferaw et al., 2014b). As selection instruments, we
used the distance of the household’s main residence to the nearest AgroVet market and a dummy
variable of one if the household has access to information on market prices and agricultural
production from agricultural extension officers. In appendix C of this paper we elaborate in detail
on the reasoning for these instrumental variables and show results of the falsification test.
4. Results and discussion
4.1. Descriptive results
Our data confirmed previous findings on the importance of African nightshade, amaranth, cowpea,
and spider plant for Kenyan AIV producers (Abukutsa-Onyango, 2010; Mbugua et al., 2011) (Table 2).
More than 80% of our sample households grew African nightshade, followed by amaranth, cowpeas
and spider plants (65%, 57% and 53%, respectively). We saw a geographic difference in the
importance of the different AIVs. The most important AIV in all counties was African nightshade,
and spider plant was the second most important AIV grown in Kisii and Nakuru, whereas more than
90% of the households in Kakamega grew cowpea. In Kiambu County, there was a very strong focus
on the growth of African nightshade and amaranth.
Almost all households in the study produced AIVs, and approximately 70% sold some of their
harvest, but the overall share sold to the market was only approximately 40% of the whole sample
(Table 3). This value did not change very much among AIV different varieties with the exception of
amaranth; a greater share of the amaranth harvest was used for home consumption in Kisii and
Nakuru than in other cities. Thus, many households engaged in marketing, but the overall quan-
tities were small compared to the total production. Furthermore, the proportion of the income
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from AIVs to the total income was relatively small, with an average of approximately 8% through-
out the sample. Other income sources were other crops, livestock or employment off the farm. This
showed that the marketing of AIVs preferably occurred as a side business probably in times of
surplus. Households living in Kiambu sold most of their harvest (54%), followed by
Kakamega (44%).
This result was supported by the way households commercialized their AIVs (Table 4).
Approximately 60% of the households sold their AIVs directly to end customers at either open
markets or the farm gate, followed by wholesalers or middlemen (26%) and retailers (20%). These
are traditional supply chains, with a large share of smallholders participating along the chain
(Weinberger, Pasquini, Kasambula, & Abukutsa-Onyango, 2011). Consumers in rural areas tend to
buy their AIVs in the local, open-air market and farm gate outlets, mainly due to the relatively low
prices (Gido, Ayuya, Owuor, Bokelmann, & Yildiz, 2016).
Kenyan farmers prefer to sell their AIVs to supermarket chains because of the higher prices (Gido
et al., 2016), but the requirements for constant quality and quantity are often a challenge for
small-scale farmers. Our data showed that there were very few farmers capable of supplying
domestic supermarket chains.
The majority of AIV sales took place within the village, and only the farmers in Kiambu sold a
significant amount of vegetables across county borders—mainly to the urban markets in Nairobi.
Table 2. Number of farmers producing AIVs
AIVs produced
Total Kisii Kakamega Nakuru Kiambu
(N = 706) (N = 201) (N = 202) (N = 151) (N = 152)
Any AIV 98.6% 99.0% 99.0% 96.7% 99.3%
African nightshade 83.7% 85.6% 80.2% 75.5% 93.4%
Amaranth 65.2% 60.2% 59.4% 54.3% 90.1%
Cowpeas 56.5% 56.7% 91.6% 53.0% 13.2%
Spider plant 53.1% 62.2% 40.1% 75.5% 36.2%
Ethiopian kale 6.5% 0.0% 6.9% 2.6% 18.4%
Miroo 6.2% 0.5% 20.8% 0.7% 0.0%
Mlenda/Murenda 2.7% 2.5% 6.9% 0.0% 0.0%
Pumpkin leaves 1.1% 1.0% 1.5% 0.7% 1.3%
Enderema 1.6% 5.0% 0.0% 0.7% 0.0%
Other AIVs 2.0% 1.5% 4.5% 1.3% 0.0%
Varieties with N < 8 were included in Other AIVs. Source: own data.
Table 3. Average percentages of AIV harvests sold to the market
AIV Total Kisii Kakamega Nakuru Kiambu
All AIVs 40.5% 35.2% 43.4% 30.5% 53.4%
African nightshade 23.8% 16.3% 22.5% 11.7% 47.5%
Amaranth 25.0% 22.8% 40.0% 26.1% 7.0%
Cowpeas 39.0% 36.5% 39.1% 25.2% 55.9%
Spider plant 22.1% 23.3% 18.1% 26.0% 22.1%
Other AIVs 8.9% 2.7% 17.8% 2.4% 11.8%
Varieties with N < 50 were included in Other AIVs. Source: own data.
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The characteristics of the households that sold AIVs barely differed from those of households
that did not sell AIVs. The average age of the household head was quite high at approximately
50 years (Table A1). Approximately 20% of the household heads were female, and the average
household had only 0.59 household members with a higher education degree. The mean house-
hold size was approximately 5 nuclear members, with larger families in the rural sample sites of
Kisii and Kakamega. Table A2 shows that the households were poorer than the average Kenyan
(KNBS, 2015) but were more food secure (WFP, 2015).
4.2. Factors influencing the adoption of commercial AIV production
The choice models revealed that farmers selling AIVs were significantly more likely to be located
close to a large city (Table 5). While physical asset variables did not have any significant influence
on the decision to sell AIVs, we saw a positive influence of all three social capital variables in both
probit and logit model. If the household was part of a producer group or there was access to
market and production information via governmental extension services, farmers were more likely
to adopt commercial AIV production. The likelihood of adopting AIVs as a cash crop increased
when increasing numbers of household members had higher education, but this effect only
showed in the probit model. Overall the two choice models show the same results. Because the
goodness of fit is slightly better for the probit, we are going to use this model for the following
analyses.
4.3. Impact on income and food security
After correcting for selection bias via PSM and ESR, we saw a positive effect of commercial AIV
production on three of the four dimensions of food security (Tables 6, 7). The binary case of selling
or not selling AIVs negatively influenced the total output of cropping activities, suggesting that
specialization may result in less overall food available for the household to consume if access to
food markets is not fully established. However, these results were only significant in the ESR model
and not in the binary PSM model.
The per capita annual household income was significantly and positively influenced by the
decision of the household to sell AIVs both in the ESR results and in the PSM results. PSM results
are insensitive to hidden bias in acceptable ranges (Liao, 2005).
The CSI was also positively influenced by the selling of AIVs. These results were significant in
both models. The FCS showed a slightly negative influence on the effect on the untreated, but this
Table 4. Marketing channels for AIV producers and geographic distribution of AIV sales
County Total Kisii Kakamega Nakuru Kiambu
Households selling AIVs 489 130 157 81 121
Marketing channels for AIV producers
Supermarkets 0.6% 0.8% 0.0% 0.0% 1.7%
Wholesalers/Middlemen 25.6% 17.7% 18.5% 18.5% 47.9%
Retailers 11.9% 8.5% 9.6% 18.5% 14.0%
Consumers 60.3% 71.5% 72.6% 58.0% 33.9%
Other 1.4% 2.3% 1.9% 0.0% 0.8%
Geographic distribution of sales
Within the village 59.3% 52.3% 59.9% 75.3% 55.4%
Outside the village but
within the county
31.5% 40.0% 36.3% 21.0% 23.1%
Outside the county but
within Kenya
8.2% 7.7% 3.2% 0.0% 20.7%
Note: Multiple answers were possible, and if the percentages did not add up to 100%, the respondents did not answer
this question. Source: own data.
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was insignificant in the ATT for both ESR and PSM. This showed that commercial AIV production
may indeed have an influence on the food security status of the household. Selling AIVs also had a
positive influence on the HDDS and the occurrence of diarrhoea. However, those results were only
significant in ESR. In contrast, the MAHFP indicator was positively influenced by the decision to sell
AIVs, and the results were significant in both models and very robust to hidden bias.
To further analyse the relationship between AIV commercialization and food security, we applied
a continuous PSM model to the various food security indicators using the share of AIVs marketed
as a treatment variable. We found that the total agricultural cropping output decreased signifi-
cantly if the household sold only 20 to 40% of its AIV harvest, and the output stabilized around
that level if the levels of commercialization increased (Figure 2).
In contrast, the per capita household income showed a rather ambiguous relationship to
different commercialization levels; while it first decreased with increasing commercialization
levels, this trend turned at the point at which approximately 40% of the AIV harvest was sold. If
households sold approximately 40 to 80% of their AIV harvest, this had a positive influence on
their per capita income. This decline in income for the households that sold almost all their AIV
harvest was no longer significant, as indicated by the large gap between the upper and lower
bounds in the graph showing marginal treatment.
While the CSI significantly decreased linearly with increasing levels of AIV commercialization,
indicating the stronger effect of the decision to sell AIVs on the access dimension of food security,
Table 6. Treatment effects on the four food security dimensions with binary PSM
Variable Treated Control ATT S.D. (bs)
Rosenbaum
boundsa
Crop output [kg] NNM 8175 12077 −3902 8133
RM 8175 10915 −2740 5625
KM 8175 10978 −2803 5317
Per capita household
income [log(PPP
$2015)]
NNM 6.572 6.198 0.374* 0.208 130%
RM 6.572 6.204 0.368** 0.155 190%
KM 6.572 6.206 0.366** 0.153 190%
Food consumption
score
NNM 69.918 69.691 0.227 2.165
RM 69.918 69.222 0.696 1.557
KM 69.918 69.371 0.548 1.670
Coping strategy
index
NNM 19.910 23.068 −3.157 3.520
RM 19.910 24.365 −4.455* 2.465 >200%
KM 19.910 24.302 −4.392* 2.548 >200%
Household dietary
diversity score
NNM 8.920 8.589 0.331* 0.196 130%
RM 8.920 8.696 0.225 0.139
KM 8.920 8.712 0.208 0.141
Days missed because
of diarrhoea
NNM 1.430 1.463 −0.034 0.524
RM 1.430 1.402 0.028 0.430
KM 1.430 1.407 0.022 0.432
Months of adequate
household food
provisioning
NNM 9.652 7.910 1.742*** 0.544 180%
RM 9.652 8.190 1.462*** 0.398 >200%
KM 9.652 8.230 1.422*** 0.397 >200%
ATT: Average treatment effect on the treated, N: Nearest neighbour matching, R: Radius matching, K: Kernel match-
ing, * = significant at the 10% level, ** = significant at the 5% level, *** = significant at the 1% level, aPercentage of
hidden bias under which results are still robust at the 10% level (only indicated for statistically significant results).
Source: own data.
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more of the harvest was sold (Figure 3). The same was true for the stability dimension, as the
MAHFP significantly increased with increasing shares of the AIV harvest sold.
The occurrence of diarrhoea decreased at higher levels of AIV commercialization, while the
HDDS stayed the same. However, the rather large space between upper and lower bounds
suggested an insignificant development, confirming the rather indistinct influence of AIV com-
mercialization on the utilization dimension of food security in the binary case models (Tables 6,7).
As the FCS did not show significant results in binary PSM and ESR, we do not discuss the continuous
PSM results of this indicator here, but the results can be found in appendix A (Figure A2).
5. Discussion
In the results section, we reported factors that influence the farmers’ decisions to engage in
commercial AIV production. Formal education, access to an extension service, participation in
producer groups and an extensive social network positively influenced commercial AIV production.
Thus, the same mechanism we found for the adoption of other agricultural innovations such as
certifications or superior production standards seemed to apply to AIVs (Asfaw et al., 2010;
Ngokkuen & Grote, 2012; Omiti et al., 2009). Previous research on AIVs suggested that poorer
and less educated households focused on AIV production (Weinberger & Pichop, 2009), but we saw
the opposite trend in our results. This may be a sign of a change in the status of AIVs in Kenya;
AIVs are no longer seen as “poor people’s food” but rather are seen as a profitable business
alternative, as suggested by (Cernansky, 2015).
If a household had access to irrigation water, they were significantly more likely to focus on
commercial AIV production. Access to water also had a positive influence on the decision of
smallholders to market vegetables to the export market in Kenya (Muriithi, Braun, Matz, &
Virchow, 2016). Our results confirmed this relationship for AIVs in the domestic market, high-
lighting the importance of irrigation for the economic success of these crops (Mwangi & Crewett,
2019).
Table 7. Treatment effects on the four food security dimensions with ESR
Variable
Decision Stage Treatment effect
Sold Did not sell
Mean SE Mean SE Mean SE
Crop output ATT 8,595 362 11,421 573 −2,825*** 583
ATU 5,660 541 7,456 662 −1,796** 719
Household income
per capita
ATT 6.601 0.033 6.325 0.035 0.276*** 0.015
ATU 6.447 0.046 6.292 0.05 0.155*** 0.023
FCS ATT 70.236 0.229 70.403 0.283 −0.167 0.199
ATU 69.643 0.347 70.792 0.428 −1.149*** 0.266
CSI ATT 19.697 0.383 22.45 0.457 −2.753*** 0.353
ATU 19.245 0.546 22.846 0.724 −3.601*** 0.542
HDDS ATT 8.937 0.016 8.813 0.023 0.123*** 0.017
ATU 8.833 0.026 8.779 0.037 0.054** 0.025
Days missed because
of diarrhoea
ATT 1.395 0.05 1.546 0.065 −0.151* 0.077
ATU 1.398 0.074 1.608 0.097 −0.21* 0.123
MAHFP ATT 11.566 0.04 11.565 0.057 1.878*** 0.106
ATU 9.688 0.112 9.877 0.172 1.688*** 0.167
ATT = Average treatment effect for farmers that sell AIVs (N = 489), ATU = Average treatment effect for farmers that
do not sell AIVs (N = 217), SE = standard error, ** = significant at the 5% level, *** = significant at the 1% level. Source:
own data.
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Farmers engaging in commercial AIV production were significantly more likely to be located
close to a large city, which was confirmed by earlier findings in the literature (Gotor & Irungu, 2010;
Omiti et al., 2009; Weinberger & Pichop, 2009). The reasons for this lie in the perishable nature of
the products. Leafy vegetables such as AIVs need to be sold on the day of harvest, making the
marketable range very limited if cooled storage is not available.
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Regarding the impact of the decision to market AIVs, we find that farmers who sold AIVs had a
higher per capita income than those who did not, which was consistent with recent findings
emphasizing the income potential of AIVs for small-scale farmers and the capacity of AIVs to lift
poor households out of poverty (Cernansky, 2015; Gotor & Irungu, 2010). Earlier findings mainly
suggested a positive income effect of participation in the high value export market for horticultural
crops (Muriithi & Matz, 2015), but our results showed that the Kenyan domestic market can in fact
be an interesting target for smallholder farmers, at least in the case of AIVs.
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However, the rate of specialization in commercial AIV production also played a very important
role. The results of continuous PSM showed that the income effect was significantly negative if only
a small share of the AIV harvest was sold to the market but positive when higher shares of the
yield were marketed. The selling of a small percentage of the AIVs indicated that the households
may have only sold the surplus beyond what was needed for their subsistence. This surplus usually
occurs in the rainy season, when AIVs are available in abundance and prices are very low. An
oversupply in the domestic vegetable market can further increase post-harvest losses (Muriithi et
al., 2016). Thus, selling AIVs at this time can actually have a negative effect on the household
income.
The food security status of the household was significantly enhanced in terms of the access and
stability dimensions, as indicated by the positive influence of commercial AIV production on the
CSI and the MAHFP indicator in both the binary and the continuous treatment cases. This con-
firmed our hypothesis that commercial AIV production increases food security and stability over
time. According to our conceptual framework, this food security effect can derive from the
following two pathways (Hartje et al., 2018): through either a change in crop portfolio leading to
the increased and extended availability of AIVs that the household eats themselves or the positive
income effects of focusing on AIVs as a cash crop that we saw in our models. The food security
effect via the income pathway can also directly increase the stability of food security because AIVs
are fast-growing crops that can generate profits within one to two months.
The HDDS and the occurrence of diarrhoea—indicators of the utilization dimension of food
security—were positively influenced by AIV commercialization but not significant throughout all
models. One reason for this could be the influence of other factors on those variables. The
occurrence of diarrhoea and digestion problems can also be influenced by the sanitation system
used or the hygienic practices established at home. Dietary diversity and food security in the
household can also be influenced by nutrition education (Ilett & Freeman, 2004). While we
controlled for the overall educational status of the household members, we do not have informa-
tion on nutrition education that the households might have received. Another reason could be that
the effects of commercial AIV production on food security mainly occur due to higher available
income rather than through higher dietary diversity through the direct consumption of AIVs.
6. Conclusions
This article aimed to analyse the determinants of adopting commercial AIV production and the
influence of adopting these crops as cash crops on household income and food security.
Our findings on the adoption determinants suggested that AIVs have indeed made the transition
from “poor people’s food” to an interesting cash crop in Kenya. This was also supported by our
econometric results suggesting that farmers who sell AIVs have a higher per capita income than
those who do not and that this effect increased with increasing commercialization levels. The food
security status of the household was significantly enhanced in the access and stability dimensions
mainly due to an increase in available income than through a higher dietary diversity because
farmers consumed the AIVs produced themselves.
Our results indicated that the geographic range of marketing is still limited for the majority of
farmers who focus on these perishable crops, because the distance to urban markets still played a
major role in the decision to adopt commercial AIV production. Since the distances from the
production sites to urban markets in our study were all within half a day to a day of travel, we
argue that post-harvest handling, such as adequate cooled storage, is still a major hindrance to
farmers from rural areas.
A major limitation of observational studies is the self-selection bias of the treatment variable.
We accounted for this with two different models, ESR and PSM, carefully discussed the underlying
assumptions and variable choices and tested the robustness of the results. ESR has the advantage
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over PSM in handling unobserved heterogeneity. The significance of the results obtained with both
approaches suggested an important relationship between AIV commercialization, household
income and food security. Further, we have to keep in mind that the data has been collected in
2015, giving merely a snapshot of the situation at that time. Though to our knowledge, no
significant policy measures regarding AIVs have been implemented in Kenya since 2015. Due to
their richness in micronutrients, the main potential for AIVs in terms of food security is to fight
hidden hunger. Anthropometric indicators that directly reveal hidden hunger in households, e.g.,
stunting rates among children, might give a clearer picture of this issue. Thus, to further support
our findings on enhanced food security among commercial AIV producers, more extensive
research with anthropometric measures should be considered in the future.
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Table A2. Description and descriptive statistics for outcome variables used in the regressions
Food
security
dimensions
Variables Description Did not sell
AIVs
Sold AIVs Total
Availability Crop_output Total output of
cropping activity [kg]
7,456 8,595 8,245
(36,062) (25,562) (29,172)
Access hhinc_pc Annual HH income per
capita [PPP$(2015)]
1,286 1,586*** 1,494
(1,681) (2,024) (1,929)
FCS Food consumption
score
70.68 70.20 70.35
(17.13) (15.27) (15.85)
CSI Coping strategy index 22.85 19.70 20.66
(27.45) (24.15) (25.23)
Utilization HDDS Household Dietary
Diversity Index
8.779 8.937 8.888
(1.484) (1.461) (1.468)
Days_missed Total number of days
HH members missed
work/school because
of stomach ache/
diarrhoea
1.608 1.395 1.460
(5.041) (6.271) (5.918)
Stability MAHFP Months of adequate
household food
Provisioning
8.793 9.681*** 9.408
(4.173) (3.753) (3.906)
HH = household, Standard errors in brackets, * = significantly different between sellers and non-sellers at the 10%
level, ** = significant at the 5% level, *** = significant at the 1% level. Source: own data.
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Figure A1. GPS points of the
survey area (circles) and cities
and towns (diamonds). Source:
own construction.
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Appendix B: Robustness Checks Propensity Score Matching
In this appendix we summarize measures to ensure optimal bias reduction in Propensity Score
Matching (PSM) and robustness checks applied to validate the findings.
In radius and kernel matching, certain adjustments on the algorithm influence its bias reduction
property. For radius matching, it was found that optimal bias reduction was reached with a calliper
equalling a fifth of the standard deviation of the propensity score (Austin, 2011). Following this
argument, we set our caliper to 0.065. The bandwidth in kernel matching needs to be balanced
carefully on a case-to-case basis to ensure optimal bias reduction without an excessive increase in
variance of the estimates (Caliendo & Kopeinig, 2008). We found a bandwidth of 0.1 to be optimal
for our case.
To reduce the problem of variance overestimation in the ATT (Heckman, Ichimura, & Todd,
1998), we used bootstrapped standard errors with 500 repetitions, which is considered high
enough for the reduction effect and still practicable for computational capacities (Lechner, 2002).
According to Rosenbaum & Rubin, 1983b), the ATT is only defined in the region of common
support. For this, all households with the same explanatory variable X need to have a positive
probability of selling AIVs or choosing not to sell AIVs. Fourteen observations did not fulfil the
common support condition throughout the three algorithms and were removed from the analysis.
Figure B1 shows the distribution of the propensity scores, and Table B1 shows the number of
observations that were dropped to comply with the common support condition.
We used standardized bias tests, t-tests and F-tests to evaluate the quality of the matching that
are summarized in Tables B2,B3. A mean bias of approximately 5% after matching has been
established as a level of bias reduction for a good match in PSM (Caliendo & Kopeinig, 2008). A
Figure A2. Dose response and
marginal treatment effect
functions for the food con-
sumption score (FCS). Source:
Own data.
Table B1. Binary PSM: Imposition of common support
Sample Off support On support Total
Untreated 2 215 217
Treated 12 477 489
Total 14 692 706
Source: own data.
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much lower level than this is reached in calliper and kernel matching. Nearest neighbour matching
has a slightly higher remaining bias. However, individual t-tests and the overall F-test were
insignificant in all matching algorithms, indicating that the matching of the explanatory variable
X was a success. To control for hidden bias, we applied the Rosenbaum bounds approach
(Rosenbaum, 2002), but only for statistically significant results (Hujer, Caliendo, & Thomsen, 2004).
Table B2. Binary PSM: Overall bias reduction and F-test after matching
Sample Pseudo-R2 LR chi2 p> chi2 MeanBias MedBias
Unmatched 0.071 62.03 0 13.8 5.8
NNM 0.015 19.68 0.103 6.3 5.1
RM 0.005 6.42 0.929 4.3 4.9
KM 0.005 7.04 0.9 4.4 4.6
NNM = Nearest neighbour matching, RM = Radius matching, KM = Kernel matching. Source: own data.
Figure B1. Distribution of the
propensity scores. Source: own
data.
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Appendix C: Instrument and Further Results Endogenous Switching Regression
In this section we elaborate on the choice of the instrument used for the Endogenous Switching
Regression (ESR) and show the extended model output for each outcome variable.
To account for self-selection bias in the outcome equation, we included a selection instrument
and the inverse Mills ratio of the selection equation (Shiferaw et al., 2014b). As selection instru-
ments, we used the distance of the household’s main residence to the nearest AgroVet market and
a dummy variable of one if the household has access to information on market prices and
agricultural production from agricultural extension officers. AgroVet markets are specialized
shops in Kenya where households can buy supplies needed for their farming activities (seeds,
fertilizers, pesticides, animal feeds, etc. but also obtain information on input use and market
developments. Agricultural extension officers can provide very useful information for households
who want to intensify their production and commercialize a specific crop. Those factors can thus
facilitate the process of adopting commercializing activities but can have little impact on income
or food security, as the factors still have to be put to use by the household. Access to input markets
and to reliable sources of information are well-established instruments to promote the adoption of
agricultural technologies or commercializing agricultural crops (Fischer & Qaim, 2014; Shiferaw et
al., 2014b). To test for the statistical validity of the instrument, we used the falsification test of Di
Falco et al. (2011b), which shows that the vector of the instruments has an influence on the
adoption decision but not on the outcome variables (Table C1).
Table C1. ESR: Influence of instrument on treatment and outcome variable
Treatment Chi2 Prob. >chi2
sell_topAIVs 9.59 0.0083
Outcome variables
Crop output 1.83 0.1611
HHInc per capita 1.9 0.1503
CSI 0.92 0.399
HDDS 1.38 0.2528
Days missed because of diarrhoea 0.69 0.5022
MAHFP 0.06 0.9377
Source: own data.
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